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Major and Minor Aquifers
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GCDs, UWCDs, and RWPGs
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River Basins
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General Stratigraphy

Seymour/Alluvium
Quartermaster — Ochoa Group
Whitehorse — Artesia Group
Dog Creek Shale
Pease River Blaine Formation
Group Flowerpot Shale
San Angelo Sandstone
Choza Formation
Clear Fork Grp Vale Formation
Arroyo Formation

Wichita Group



Surface Geology
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Model Flow Conceptualization
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Model Grid

File: SEY_6.2.1_ModelGrid.mxd

Wheeler Washita L_‘N
WT Caddo
Collingsworth Greer Kiowa
Harmon L
Comanche
: Jackgon
Childress Stephens Trray
Tillman
Cotton
Hardeman Carter
: Jefferson
Cottle Wilbarger
Eqard Wichita Love
¢ . Montague Cooke
ICrosb Dickens King Knbx Archer
Jack Wise Denton
Garza Stonewall Haskall ckmorton Young
: Parker Tarrant
Fisher Jones Stephens Palo Pinto
Hood Johnson Ell
Mitchell Nolan Taylor Callahan Eastland
Erath omerv
r Hill
N C he -
omanc .
Coke L _! State Line
Runnels
Foard County || County Boundaries
0 10 20 |:| Model Boundary
[ Tom Green i
. Conch .
Miles oncho Colobh ™ v Model Grid

1 square mile grid blocks
180 columns and 208 rows
3,436 active cells in layer 1
20,001 active cells in layer 2



Boundary Conditions

Layer 1 - Seymour Layer 2 - Permian
T

TR

By
A
r
1

t




Schematic of Modeling Periods

Steady State

1967

Calibration Verification
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Model Input — Supporting Data

Hydrostratigraphic surfaces for each layer

Hydraulic properties
Hydraulic Conductivity
Storativity (transient)

All model data, source
ReCharge and derived, was
ET delivered to the TWDB
and will be available
Stream Flow to the public

Pumpage



Seymour Pods
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Structure - Seymour

Data Sources
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Hydraulic Conductivity - Seymour
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Hydraulic Conductivity - Permian

Blaine Data Sources & Values

Hydraulic Conductivity Values
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Recharge Estimates

County/Area Aquifer R?ﬂ;;:)ge Reference Technique
. R.W. Harden &
Haskell and Knox Counties | Seymour 2.2 Associates (1978) Water budget
Hardeman County Seymour 1.0 Maderak (1972) Darcy’s Law
Baseflow
Baylor County Seymour 2.6 Preston (1978) discharge
. Baseflow
Jones County Seymour 1.8 Price (1978) discharge
. Willis and Knowles Baseflow
Wilbarger County Seymour 2.5 (1953) discharge
Haskell County Seymour | 0.20 to 1.18 Sca?zlgg?st al. Field study
. . Scanlon et al. Unsaturated flow
Fisher/Jones counites Seymour 0.28 (2003) modeling
Greer and Jackson . * Muller and Price
counties, OK Blaine 11t01.5 (1979) Water budget
Greer, Harmon, Jackson .
counties, OK and Blaine 1.5 Runkle and Nur:aelli'::rzltirggdel
Childress, Collingsworth, McLean (1995) parameter

Hardeman counties, TX




SWAT-MODFLOW one-way couple

Run on a daily timestep Daily Estimates of

Precipitation,
SWAT Temperature,
Land use/cover,

Soil type,
Curve number
Solar radiation

Recharge =)
Package Package

Daily Calculation of:
(1) The recharge rate for the
recharge package,

(2) Groundwater ET for the
ET package,

MODFLOW

(3) the extinction depth for Run on a monthly stress period

the ET package




Calibrated Average Recharge
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Temporal Dlstrlbutlon of Average Recharge
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Drought Indices
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ET Max (in/yr) Estimated by SWAT




ET Extinction Depth (ft) Estimated by
SWAT
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Aquifer Discharge Through Pumping

Point Source Data

Municipal, power, mining, manufacturing
Non-Point Source Data

Irrigation, livestock, county-other (domestic)

Steady State (approx. 1967-1970)

Literature sources or assumed to be the same as
1980 historical pumpage

Historical (1980-1997)
TWDB water use survey database

Predictive (2000-2050)

TWDB estimates based on projected water demand
reported by RWPGs



Uses of Water (%) — 1980-1999 Average

Water Use Category | Seymour Blaine
Irrigation 93 % 95 %
Municipal 5 % 0
Manufacturing 0 0
Mining 0 0
Power 0 0
Livestock 0.4 % 1%
Rural Domestic 1.6 % 4 %




Pumpage (AFY)

Pumpage (AFY)

Pumpage (AFY)

Yearly Pumpage from 1980 - 2050
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Pumpage (AFY) — Layer 1
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Pumpage (AFY) — Layer 2
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Calibration Approach

CALIBRATION
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Model Evaluation

Model results compared to observed data
Observed water levels
Stream flow

Model results evaluated against literature
data

Recharge

Model results evaluated against
conceptual model



Water-Level Measurement Locations

Seymour
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Alluvium (116)
X Quaternary Alluvium (179)
B Alluvial Plain Deposits (110)
Alluvial Terrace and
Channel Deposits (25)
1 Alluvium, Terrace Deposits,
and Seymour Formation (81)
Terrace Deposits (9)
Pleistocene Series (3)
Seymour Formation (3046)

Model Boundary
County Boundaries
1 Blaine Outcrop

| ==SSY Blaine Downdip
® Blaine Gypsum (983)
‘ Blaine and Dog Creek Shale (83)

11,855 water-level measurements 2,941 water-level measurements
in 3,569 wells in 782 wells

® 0




Seymour WL Data by County & Year
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Transient Target Locations

Seymour Blaine

Miles Seymour Aquifer Boundaries
- ®  Transient Target Location (130)
0 10 20 | O  Verification Target Location (104)

Transient Target Location (62)
Verification Target Location (54)




Natural Aquifer Discharge

File: SEY_4.5.1_Stream_Flow

Streams

Springs

7301200

7301481

2995127299530

7301300
]
7301500
!
303400) N 502660
03420
200000 7303500
& 7303000
500 ™ <}

73005%0
7?01100 7300580\‘

@ , 72995,
L/ <
7%710 730110

I
2995
~e— 729967/ ]
‘&‘ 7307750 B 7307800
oy
7307760 30800
7308501
7311600 7312700
""1-..‘\ 2200 "
0
21463
714G S 100 7315400
1190057 A 7312110
7311790
7311780 i
7311783 @ L) 00 |
7311782 731180 Average Flow
Rates (cfs
80805. 8080950 _5081500 808218 - ( )
e 808120 * e 1-10
u *
] -
00 2082100 8085000 1919
A -
gomeoo 8080500 ] A 100 - 1000
80! & 4800 8085500 4] @ 1000 - 3000

|:| Model Boundary
|:| County Boundaries
; :l State Line

I\

0 10 20
[

Miles

4083100 8083470
S L ®_ 8083300

Streams & Rivers
Lakes & Reservoirs
I seymour Aquifer

_Springs.mxd

File: SEY_4.5.4_S

Spring
Locations

& Source

o Brune
© USGS

‘ o TWDB

|:| Model Boundary
E :l State Line
Streams & Rivers
Lakes & Reservoirs
[ ] County Boundaries
I seymour Aquifer

Source: USGS website: March, 2003

Source:



Transient Model Calibration

Transient calibration required:
Reducing K, of the Permian units

Adjusting recharge on a Seymour pod
basis

Adjusting streambed conductances



Selected Hydrographs - Seymour

Head (ft)

Head (ft)

1715 1377 1380
1705 | Childress 1232901 1367 | Wilbarger 1338701 1370 . —— Wilbarger model
1695 | 1357 1360 — = 1346209
| I |
1685 1347 1350 L A 1346504 |
1675 4 = 1337 - = 1340 1346505|
] 3 - . = £
1665 S = ow LB s L™ - E 1327 :.W E 1330:
1655 T s T 1520 W
1645 1307 1310 Adig
1635 1297 1300
1625 - 1287 4 1290
1615 ‘ ‘ ‘ ‘ 1277 ‘ ‘ ‘ ‘ 1280 ‘ ‘ ‘ ;
1980 1985 1990 1995 2000 1980 1985 1990 1995 2000 1980 1985 1990 1995 2000
Year Year Year
[ ]
[ 4
Pod 4 S ety
1~ ° wmw
g
“Mﬁ
1431 1297
1421 Hardeman 1353102 1287 — Wi ilbarger 1362115
1411 1277
1334
1401 1 /_:’_/_w—f/“" - 1267 4
1391 . 1 Foard 1360611 — 1257 -
f = " 1314 g
1381 1 = =" 5 1247 | w® mpgum ® m=
- 1304 3 M
1371 1 m g " T 1237 ]
= 1294 |
1361 1 = 128 " mgya 1227 |
k-] 4 n
1351 b L_see °® 1217 |
T 1274 ]
1341 1207
1264
1331 ‘ ‘ ‘ ‘ 1197 ‘ ‘ ‘ ‘
1980 1985 1990 1995 2000 1254 1980 1985 1990 1995 2000
Year 1244 Year
1234 ‘ ‘ ‘ ‘
1980 1985 1990 1995 2000

Year



Selected Hydrographs - Seymour
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Selected Hydrographs - Blaine
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Stream and Spring Results

Average Spring Leakance

Stream Flow on Brazos River 3 ‘,‘ WT« Y%
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Sensitivity Results — Seymour

At Seymour target locations only
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Predictive Simulation (2000-2050)

Predictive Pumpage based on RWPGs

Six Model Scenarios:

Average Recharge Conditions through 2050

Average Recharge Conditions ending with the drought of
record (DOR) in 2010

Average Recharge Conditions ending with the drought of
record (DOR) in 2020.

Average Recharge Conditions ending with the drought of
record (DOR) in 2030.

Average Recharge Conditions ending with the drought of
record (DOR) in 2040.

Average Recharge Conditions ending with the drought of
record (DOR) in 2050.



Predicted Hydrographs — Seymour
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Predicted Hydrographs — Blaine
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Conclusions

GAM for Seymour Aquifer:

Incorporated all relevant features, data
on aquifer properties, recharge
estimates, and pumpage

Calibrated to specifications:
steady-state

transient conditions (1980-1989)
verified from (1990-1999)
Required some adjustment of properties

during transient calibration (not beyond
measured data)



Data Models

Consistent methodology for storage of
GAM data

Facilitates future improvements or
modifications of current work

Available to the general public as an
addition to the final reports



Data Models

— contains the source and some
derived data used to generate the model
input data sets

— contains all of the model input
parameter and stress data by (r,c,l,sp)

— contains all of the actual model
input and output data files



Data Models

— subsurface geology, outcrop
delineation

— STATSGO data, runoff numbers

— pumping rates, hydraulic
conductivities, water levels, hydrographs

— streamflows, stream/aquifer
interaction, springflows



Data Models

— hydraulic properties such as
horizontal and vertical conductivities

— specific yield, storativity

— pumping rates, recharge, et,
streamflows

— structure information (layer tops
and bottoms)



Data Models

Input -- ASCII input data sets for running modflow
from the command line

Output — All output data sets for ststate, trans, 2010,
2020, 2030, 2040, 2050 models

Input -- Data sets for running the models from pmwin
interface

Output — All output data sets
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